Rare earth nano sized pollycrystalline orthoferrites and orthocromites ReT mO 3 (Re = La, Nd, Gd, Dy, Y and T m = Fe, Cr) have been synthesized by sol-gel auto combustion citrate method. The samples have been characterized by means of X-ray diffraction (XRD), scanning electron microscope (SEM), energy dispersive X-ray spectroscopy (EDX), and UV-visible spectroscopy. The samples are single phase, as confirmed by XRD analysis, and correspond to the orthorhombic crystal symmetry with space group pbnm. Debye Scherer formula and Williamson Hall analysis have been used to calculate the average grain size, which is consistent with that of determined from SEM analysis and varied between 25-75 nm. The elemental compositions of all samples have been checked by EDX analysis. Different crystallographic parameters are calculated with strong structural correlation among Re and Tm sites. The optical energy band gap has been calculated by using Tauc relation estimated to be in the range of 1.77 -1.87 eV and 2.77 -3.14 eV, for ReFeO3 and ReCrO3, respectively.
Introduction
ReT mO 3 perovskite-type oxides (with Re = rare earth and T m = transition metal) are much promising materials because they exhibit strong interactions among the partially filled f -shells electrons or d-shells of Re and Tm ions with oxygen ions (O) giving many interesting properties such as colossal magnetoresistance, high temperature superconductivity, charge/orbital ordering, metal-insulator transition [1] [2] [3] and can also be used in recent technologies such as solid oxide fuel cell [4] , catalysts [5] , electrodes materials [6] and chemical sensors [7] . An interesting feature of ReT mO 3 is related to the variation in Re-O and Tm-O interactions that can be observed by varying Re ionic size as well as distortions in T mO 6 octahedra due to variation in ionic radius of transition metal (Tm). The positions of ions in the unit cell of ReT mO 3 are shown in Fig. 1 . The rare earth manganites ReMnO 3 exhibit semiconducting behavior at room temperature, as well as strong magnetoelectric coupling below Neel transition temperature (T N ). Different compounds of the ReMnO 3 have been synthesized by sol-gel method resulting in remarkable physical properties [8] [9] [10] [11] [12] [13] . Nanoparticles of rare earth cobaltate perovskite ReCoO 3 were also synthesized by many researchers with sol-gel method and these compounds also exhibiting orthorhombic crystal symmetry with some interesting physical properties [14] [15] [16] [17] [18] . Synthesis of nano-scaled materials are getting much interest, since fine powder usually shows superior properties such as higher chemical reactivity, better sinterability and large surface area [19, 20] . Recently, preparation and magnetic properties were discussed of perovskite ReFeO 3 nanocrystalline powders by combustion of nitrate-citrate gel [21, 22] , and magnetic and electrical properties of ReCrO 3 synthesize by hydrothermal and sol-gel method [23, 24] highlighted the major role of synthesis technique on the physical properties of the compounds. However, there have been no reports on the comprehensive analysis of their structural correlation with respect to different Re and Tm sites. In this study, we focus on the morphology, structural and optical properties of ReT mO 3 (Re = La, Nd, Gd, Dy, Y and T m = Fe, Cr). It is expected that Re-site cation affects the symmetry of crystal structure due to large ionic radius and coordination number and T m-site affect the octahedral distortion. Generally, the crystal symmetry of ReT mO 3 can be controlled by variation of Re and Tm cations, giving the materials with some promising physical properties.
Experiment
ReT mO 3 (Re = La, Nd, Gd, Dy, Y and T m = Fe, Cr) were synthesized by using sol-gel method. In synthesis process, 100 ml of one mole rare earth nitrate hexahydrate Re(NO 3 ) 3 .6H 2 O (where Re = La, Ce, Nd, Gd, Dy, Y) solution was added to 100 ml of one mole transition metal nitrate nonahydrate T m(NO 3 ) 3 .9H 2 O (Tm = Fe, Cr). One mole monohydrate citric acid C 6 H 8 O 7 .H 2 O in 100 ml deionized water was also mixed in above raw materials as a fuel or chelating agent. Metal nitrates to citrate ratio were kept at 1.5:1. The solution pH was set at 7 by adding proper amount of solution of ammonia (NH 4 OH) (85% deionized water and 15% ammonia) drop wise during stirring process. The resulting aqueous solution was continuously stirred and heated at constant temperature of about 80
• C, till viscous gel was formed after 2 hours. Afterwards, the gel was kept at a temperature of about 200
• C. Later on, the gel started burning in a self propagated combustion manner, and voluminous porous powder were obtained. Finally, the fine powders of ReFeO 3 and ReCrO 3 were obtained and sintered at 800
• C and 1000
• C respectively for 3 h in a box furnace. Normal atmospheric conditions were used for synthesis and sintering process. The atmospheric pressure was used during sintering process in the environment of air. The resultant samples were obtained, the chemical equation explains the whole process,
where (Re = La, Ce, Nd, Gd, Dy, Y) and (Tm = Fe, Cr). Nucleation is responsible for the formation of grains. In our case transition metal ions act as seed crystal and responsible of nucleation during the sol-gel process. The stoichiometric ratio of rare earth and transition metal ions is equal, so more nucleation was observed in synthesis process that is responsible to nanocrystals formation. The phase identification was carried out using Bruker D8 advance X-ray diffractometer equipped with Cu-Kα source of X-rays of wavelength 1.54056Å. Average grain size was estimated by Scherrer's formula considering the position and broadening of the most intense diffraction peak in XRD spectra and by Williamson Hall analysis. Morphology and elemental composition of the samples were observed using FEI NOVA 450 scanning electron microscope (SEM) equipped with Oxford energy dispersive X-rays spectroscopy (EDS) detector. The UV-visible measurements were taken by using Perkin Elmer Lambda 950 UV/VIS/NIR spectrophotometer. Figure 2 shows the X-ray diffraction pattern of a representative sample LaFeO 3 among the prepared samples analyzed 
Results and discussion

Structural and morphological Properties
by using Rietveld refinement technique considering orthorhombic structure with Pbnm space group. The pseudoVoigt function was used to perform fitting of diffraction peaks by using the JANA2006 software. A good fitting has been clearly seen between observed and refined XRD data, as all the peaks are well overlapped with fitted data, which confirm single phase has been successfully formed and no impurity peak has been observed. All samples of ReT mO 3 Table I . It is clearly shown that, in all cases, c/ √ 2 lies between a and Table I ), this is the characteristic of the O-type orthorhombicaly distorted perovskite oxides [25] , where the distortion occurs due to the steric effect and Jahn Teller effect [9] .
The values of average grain size of ReT mO 3 , which was calculated by using the well known Scherrer's formula [D = 0.89λ/β cos θ, where λ is the wavelength of X-ray radiation (1.54056Å), θ is the diffraction angle and β is the full width at half maximum (FWHM) of diffracted peaks], are shown in Table II and Table III . It is obvious to identify that the grain size decreases as ionic radius of Re and Tm decreases.
In nanomaterials lattice strain and grain size both have their self contribution to peak broadening of X-ray diffraction and lattice strain is to be contributed in peak broadening due to large volume of grain boundaries [26, 27] . In order to measure the grain size precisely, the lattice strain calculations are very important [28] . Hence, the Williamson-Hall (W-H) method was used for estimating the lattice strain and grain size [29, 30] . In addition, lattice strain and grain size independently contribute to the total peak broadening. The peak broadening induced by strain (β S ) is given by the relation β S = 4ε tan θ hkl . Assuming that the strain present in the material is uniform, the W-H equation for the total peak broadening is given by [31] ,
Rearranging Eq. (3) gives:
where k is the shape factor and D is the grain size. A graph is plotted by taking 4 sin θ hkl along X-axis and β cos θ hkl along Y-axis as shown in Fig. 4 . In W-H analysis, the strain present in the material is extracted from the slope and the grain size is estimated from the Y-intercept of the linear fit made to the plot. size estimated by W-H analysis for ReFeO 3 and ReCrO 3 are shown in Table II and Table III, Fig. 6(a) to (l). There is no peak of any impurity elements which confirms the single phase formation of the samples. However, single peak of carbon appeared which is due to the carbon tape on which samples were mounted with holder. The value of average grain size calculated from XRD pattern is consistent with the one obtained from SEM analysis.
The variation in lattice parameters (a, b, c/ √ 2) and cell volume (V) with ionic radii of rare earth cations on Re site in Fig. 7(a) . It is obvious from the graph that a, c/ √ 2 and V increases with the increase in the ionic radius of Re site ion i.e.
[from Y 3+ (1.04Å) to La 3+ (1.172Å)], but lattice parameter b remains almost unaltered. The similar variations were observed in lattice parameters and cell volume for ReCrO 3 (Re = La, Nd, Gd, Dy, Y), not shown in the graph, but values for this system are given in Table I .
The orthorhombic factor (b/a) sharply increases, with decreasing ionic radius of Re site in ReFeO 3 , as shown in the Fig. 7(b) . Similar trend is also obtained for ReCrO 3 , not shown here. To study the structural distortion, cell distortion (d) [32] was calculated as,
where Table II and Table III . It is worth mentioning that the decrease in cell distortion has been observed when we replace bigger Re 3+ cation in ReFeO 3 as indicated in Fig. 7(c) , similar results were obtained for ReCrO 3 . According to the analysis mentioned above, the variance of lattice parameters with coupled substitution on Re site and on Tm site is the result of distortion in T mO 6 octahedra for matching Re sizes. That is why distortion at octahedral site increases with replacement of the small ionic radius on Re site, because the cations rearrange themselves in such a way that they fit in the unit cell and results in decreasing the unit cell volume.
Orthorhombic distortion (D), which is defined as the ratio of standard deviation to average of the lattice parameters is calculated as [33] ,
where a i = a, b and c/ √ 2 andā is the average of a i . The orthorhombic distortion remains almost constant in region of ionic radii of Re 3+ ≤ 1.078Å, in this region lattice parameter b increases slightly. After further increase in ionic radii of Re 3+ a linear increase has been observed in orthorhombic distortion, in this region lattice parameter b slightly decreases. The variation in orthorhombic distortion with Re 3+ ionic radii is shown in Fig. 7(c) . The elastic strain of the prepared compounds can be calculated by using the formula E = β/2 cot θ [34] . The value of elastic strain increases with the decrease in the grain size both for ReFeO 3 and ReCrO 3 as obvious from Table II and Table III . The observed variation in the calculated elastic strain in ReFe(Cr)O 3 elaborate the broadening of the XRD pattern. The elastic strain decreases with the increase in Re site ionic radii for ReFeO 3 as shown in Fig. 7(d) . The spontaneous orthorhombic strain, defined as Table II . The value of S decreases from 0.0577 to 0.0118 for YFO to LFO. The variation in orthorhombic strain with ionic radius of rare earth cations is shown in Fig. 7(d) . The reason for decrease of this parameter may be the substitution on Re site of smaller ionic radius cation Y 3+ to bigger La 3+ . The similar results also obtained for YCO to LCO i.e. 0.0493 to 0.0062. It is obvious from the results that replacement of small radius transition metal cation Fe 3+ to big radius Cr 3+ on Tm-site of ReT mO 3 also gives the similar trend i.e. decrease in the orthorhombic strain. The X-ray density, bulk density and porosity for all samples were determined using the following relations [35] 
where M the molar mass, Z is the number of molecules per formula unit (4 for the orthorhombic structure), N A Avogadro s number (6.02 × 10 23 /mole) and V cell is the unit cell volume. The bulk density was calculated by the following relation,
where m is the mass and V = πr 2 h (where r is the radius and h is the height/thickness of pellet) is the volume of the pellet. The porosity (P) of all the samples was calculated using the equation,
where d b is the bulk density and d x is the X-ray density. preparation or sintering process of the samples [37] . Figure  8 shows the P decreases with the increase of formula weight of the sample from YFO to LFO, but remains almost constant for further increase in the formula weight of prepared compounds. The increase in the d b confirms that samples become denser with the increase in density of individual Re site element, due to which the porosity of the samples decreases. 
where D is the orthorhombic distortion and d x−ray is the Xray density. The values of the specific surface area are given in Table II and III for ReFeO 3 and ReCrO 3 , respectively.
Optical Properties
The obtained UV-visible diffuse reflectance spectra (DRS) of ReFeO 3 and ReCrO 3 (Re = La, Ce, Nd, Gd, Dy, Y) were measured by using UV/VIS/NIR spectrophotometer and are shown in Fig. 9 (a) and (b), respectively. The absorbance spectrum of ReFeO 3 and ReCrO 3 is obtained from their reflectance spectrum according to the Kubelka-Munk theory [38] . Moreover, optical energy band gap of ReFeO 3 and ReCrO 3 (Re = La, Ce, Nd, Gd, Dy, Y) is estimated by using the Tauc relation [39] . 
where hv is the energy of the incident photon, α is the absorption coefficient, A is a characteristic parameter, E g is the band gap. Exponent n specify the type of transition and it may be 1/2 or 2 for the allowed direct or allowed indirect transition, respectively. Here, we assume a direct band gap system and from the plot of (αhν) 1/2 versus hν by extrapolating the linear portion to the hν (i.e. α = 0) determine the E g . The obtained value of E g for ReFeO 3 and ReCrO 3 is found to be in the range 1.77 -1.87 eV and 2.77 -3.14 eV, respectively as shown in Fig. 10(a) and (b) . It is noted that in ReFeO 3 only single band gap is observed due to the transition from O 2p valence band to Fe 3d conduction band. This constitues a charge transfer energy gap. Interestingly, three edges are observed for ReCrO 3 at 1.58 eV, 2.20 eV and 3.14 eV values for YCrO 3 . Khuong P Ong et al. have also observed three types of energy gap in LaCrO 3 theoretically [40] . Interestingly similar trend of energy gaps were also observed experimentally in our prepared compounds of family of orthochromites. The energy gap at 1.58 eV (value for YCrO 3 ), which is the energy band gap among the occupied t 2g (Cr d 3 . The theoretical calculation reveals that the green color of these prepared compounds have its origin from the transition between Cr t 2g bands centered at (-0.23 eV) and Cr e g bands at (2.15 eV) [40] . Another important transition at 3.14 ev (value for YCrO 3 ), shows the transition between the top of O p bands and the bottom of the Cr e g conduction bands, this constitues a charge transfer gap. T. Arima et al. estimated E g for LaCrO 3 and YCrO 3 experimentally [41, 42] , which is consistent with the observed values of optical band gap of ReCrO 3 . So far, the experimental optical gap at higher energy edge for ReCrO 3 was considered as the energy band gap between the transition to the top of the valance band and the bottom of the conduction band by previous theoretical works [43] [44] [45] . The minimum E g for Fe-based system (i.e. 1.77 eV) than that of Cr-based system (i.e. 2.77 eV) may be attributed to lower energy of 3d orbital of Fe than that of Cr.
Conclusion
The sol-gel auto combustion citrate method is successfully used for the synthesis of polycrystalline ReT mO 3 (Re = La, Nd, Gd, Dy, Y and T m = Fe, Cr) and single phase character has been confirmed by XRD patterns. A systematic increase in grain size with increasing r Re and r T m has been observed and found to vary from 25-75 nm for both ReFeO 3 and ReCrO 3 , which is consistant with SEM results. The various crystallographic parameters have been calculated and found to be affected by changing Re and Tm sites as described earlier. The allowed direct E g estimated to be 1.77 -1.87 eV and 2.77 -3.14 eV for ReFeO 3 and ReCrO 3 , respectively. Three edges are observed for ReCrO 3 at 1.58 eV which is a Mott-type insulating gap, at 2.20 eV are in visible range corresponds to light green color of orthocromates and at 3.14 eV this is due to charge transfer gap (E g ) between O 2p valance and Cr 3d conduction band. Moreover, the E g has larger value (∼ 1 eV) in ReCrO 3 as compared to ReFeO 3 which may be attributed to the Jahn Teller distortion.
